found in mice that transfers were most successful if blastocysts were 1 day older than the stage of the uterus in the recipient, less successful in the synchronous combination, and least successful if the relative ages were reversed. In sheep, Rowson & Moor (1966) showed that eggs either 2 days younger or older than the stage of the recipient uterus exhibited some tolerance to transfer, but this tolerance diminished sharply as the asynchrony became greater. The sensitivity of the blastocyst to its environment was evident also from experiments in which the embryo was confined to the oviduct, since ligation of the uterotubal junction resulted in embryos that developed up to the early blastocyst stage, but no further
Studies using in-vitro culture (Brinster, 1969; Whitten, 1970) , in-vitro microsurgery (Gardner, 1968) , and embryo transfer to ectopic sites (Fawcett, 1950;  Kirby, 1962 Kirby, , 1969 have shown that before blastulation the mammalian ovum develops independently of its uterine environment. After this time the blastocyst becomes less autonomous and development depends increasingly on the local environment. Evidence for dependence upon the uterine milieu also arises from experiments on the transfer of embryos between donor and recipient animals and the transfer of blastocysts to ectopic sites, and from investigations of the phenomenon of delayed implantation.
In this paper we consider the nature of the interaction between the endometrium and the blastocyst and indicate where interception may inhibit maternal or embryonic signals which are indispensible for implantation and the establishment of pregnancy.
Influence of the uterine environment on blastocyst development Embryonic development proceeds normally only when the uterine environment is adequately prepared to receive a blastocyst of corresponding age. The importance of the similarity in age of an embryo and its uterine environment was first revealed by embryo transfer experiments which indicated that during pregnancy the conditions within the uterus must change progressively, and almost daily, for embryos to show such sensitivity to the environment of the surrogate host. Thus, Chang (1950) working on rabbits demonstrated that embryo transfers succeeded best when the stage of egg development in the donor was synchronized with that of the luteal phase of the recipient, while McLaren & Michie (1956) found in mice that transfers were most successful if blastocysts were 1 day older than the stage of the uterus in the recipient, less successful in the synchronous combination, and least successful if the relative ages were reversed. In sheep, Rowson & Moor (1966) showed that eggs either 2 days younger or older than the stage of the recipient uterus exhibited some tolerance to transfer, but this tolerance diminished sharply as the asynchrony became greater. The sensitivity of the blastocyst to its environment was evident also from experiments in which the embryo was confined to the oviduct, since ligation of the uterotubal junction resulted in embryos that developed up to the early blastocyst stage, but no further (mouse: Kirby, 1962; Orsini & McLaren, 1967; rabbit: Adams, 1958; rat: Alden, 1942; sheep: Winterberger-Torres, 1956; pig: Murray et al, 1971 , but see Pope & Day, 1972) . In several of these studies, tube-locked embryos underwent degenerative changes indicating that the tubai environment was detrimental to normal preimplantation development.
Extrinsic control of the growth and development of the mammalian blastocyst has also been studied during delayed implantation. This condition is characterized by a reduction in DNA synthesis and mitosis of cells comprising the blastocyst (McLaren, 1968; Sherman & Barlow, 1972) , and by a decrease in blastocyst metabolism (Menke & McLaren, 1970) and macromolecular synthesis (Dass, Mohla & Prasad, 1969; Weitlauf, 1973; Holmes & Dickson, 1975) . Following Brambell's (1937) original suggestion that embryonic diapause resulted either from the production by the uterus of an inhibitory factor or from the lack of an essential stimulatory factor, several attempts have been made to identify these constituents because of their potential importance to understanding the biochemical events associated with the normal process of implantation. However, neither the identity of these factors nor the way in which they control the growth of the blastocyst is known with certainty. Evidence for the involvement of endometrial macromolecules in the regulation of blastocyst metabolism remains speculative (see Surani, 1977) , though the finding in rabbits that oestrogen injected shortly after mating delayed both the pattern of uteroglobin secretion and the time of implantation to a similar extent (Beier, 1976) supports the notion that uterine proteins may contribute to the normal process of nidation in certain species. However, the possibility that the concentration of ions and small molecules such as glucose in uterine fluid may be equally important, if not more so, especially in respect of the regulation of blastocyst cell division and metabolism, should not be overlooked (see van Blerkom, Charez & Bell, 1979 (Wyatt, Heap & Perry, 1976) . Preliminary studies showed that 16-day blastocyst tissue cocultured with endometrial tissue from the same animal (synchronous) incorporated labelled amino acid to a greater extent than in co-culture with asynchronous tissue; this was partly attributable to the synthesis of proteins with an electrophoretic mobility similar to that of the pre¬ albumin components described above (C. Rice, unpublished observations). These findings using the pig as an experimental model provide evidence in vitro for endometrial factors that affect protein synthesis in the preimplantation blastocyst. The synthesis of these factors in culture was tissue-specific and their effect on blastocyst protein production was substantially greater than that observed after the addition of equivalent amounts of non¬ specific proteins. It is well known that among mammalian species the composition of endo¬ metrial secretions is markedly affected by ovarian hormones (see Heap, 1962; Lutwak-Mann, 1971; Renfree, 1978) and that steroid-dependent protein synthesis occurs in uterine tissue (e.g. induced-protein in rat: Barnea & Gorski, 1970;  uteroglobin in rabbit: see Beier, 1976;  The production of a signal by the developing blastocyst before its attachment to the uterine wall has long been suspected, and such substances may be necessary either for the process of implantation or for the maternal recognition of pregnancy (see Heap et al, 1977; Flint et al, 1979) . In women and non-human primates the production of a chorionic gonadotrophin (CG) by trophoblast cells appears to be essential for the sustained secretion of progesterone by the corpus luteum since immunization against the ß-subunit of hCG blocks pregnancy in the marmoset and baboon (Hearn, 1976; Stevens, 1975) . However, controversy surrounds the question of the time that hCG is first produced and whether it can be synthesized by the pre¬ implantation blastocyst (see Saxena & Landesman, 1978) . Production of hCG has been reported as early as 6-9 days after fertilization (Saxena, Hasan, Haour & Schmidt-Gollwitzer, 1974) and in women of known fertility who were fitted with an IUD (Landesman, Coutinho & Saxena, 1976) . However, the latter finding has been disputed (Catt, Dufau & Vaitukaitis, 1975; Sharpe et al, 1977) and other reports suggest that embryonic cells are not the only source of this glycoprotein (see Ross, 1979 . The substantial amounts of embryonic tissue formed before implantation and the non-invasive form of placentation permit the study of embryonic tissue and the immediately adjacent maternal endometrium.
Preimplantation trophectoderm tissue has been found to produce oestrone and oestradiol-17ß when incubated in vitro with labelled neutral steroid precursors (Perry, Heap & Amoroso, 1973; Heap, Perry, Gadsby & Burton, 1975; Perry et al, 1976) . Text- figure 1 shows . In addition to the pathways shown in Text- fig. 1 further studies have demonstrated that neutral steroids are rapidly metabolized to other neutral compounds (Gadsby, 1978) . The presence of the enzyme, 3ß-hydroxysteroid dehydrogenase (3ß-HSD), has been localized in pig blastocyst tissue by histochemical procedures (Flood, 1974 (Flint et al, 1979) .
A consequence of steroid synthesis in the preimplantation blastocyst is the elevated concentration of oestrone and oestradiol-17ß in luminal fluid of the uterine environment. Although these unconjugated oestrogens pass readily into the endometrium, their local tissue concentration is rapidly reduced by sulphotransferase which results in the formation of oestrogen sulphoconjugates with low biological activity. Sulphotransferase activity in the endometrium is related to the secretion of progesterone by the corpus luteum (see Pack & Brooks, 1974; Gadsby & Heap, 1978 (Ainsworth & Ryan, 1966 Gadsby, 1978 Sherman, Atienza, Salomon & Wudl, 1977) .
Definitive evidence for steroid synthesis by blastocysts is difficult to achieve in many species because of the meagre amounts of tissue available. In rabbits, Huff & Eik-Nes (1966) found that blastocysts produced pregnenolone from labelled acetate in vitro and converted pregnenolone, 17a-hydroxypregnenolone, progesterone and androstenedione into labelled products, including ring-reduced compounds. These results have been confirmed by Singh & Booth (1978) . Other workers have shown that rabbit blastocysts contain progesterone, progesterone metabolites and oestrogens (Seamark & Lutwak-Mann, 1972; Dickmann et al, 1975; Borland, Erikson & Ducibella, 1977) , and it is only recently that conclusive proof of blastocyst oestrogen production has been reported for this species. George & Wilson (1978) have found that androgen (3ß-HSD activity) and oestrogen formation were detectable on Days 5 and 6 p.c., respectively. The latter activity, as in the pig, declined after implantation. While the suggestion of George & Wilson (1978) that oestrogen synthesis "can be inferred to be a common property of the blastocyst at the time of implantation" seems premature, it is probable that trophectoderm cells possess the enzymic capacity for steroid synthesis and/or catabolism among several mammals. This idea is further supported by studies of two marsupials, the quokka, Setonix brachyurus, and the tammar wallaby, Macropus eugenii, species in which attachment takes the form of a simple interdigitation between the yolk sac membrane and the endometrial epithelium, and placentation is non-invasive. In the yolk sac placenta of the quokka there was a small conversion of
[14C]pregnenolone to progesterone (Bradshaw et al., 1975) and in the tammar wallaby C19 neutral steroids were extensively metabolized (Renfree, 1977 (Moeljono et al, 1977) ; and the concentration of conjugated oestrogens formed by the gravid uterus continues to rise to peak values which are reached at about Day 25 p.c. in blood (Robertson & King, 1974) and in urine (Fèvre, Léglise & Rombauts, 1968) . Blastocyst oestrogen production in the pig is induced at about the time of the maternal recognition of pregnancy and attachment, and in the rabbit it occurs at implantation. The finding that oestrogens are produced for a relatively brief period during implantation in the rabbit suggests that they may exert a functional role. In rabbits and pigs maternal oestrogens of ovarian origin are not essential for implantation to occur, yet oestrogens facilitate implantation and antioestrogens inhibit it in intact and ovariectomized-progesterone-treated does (Bhatt & Bullock, 1974; Dey, Dickmann & Sen Gupta, 1976) , suggesting that small amounts of these steroids produced locally are advantageous. Although attempts to demonstrate blastocyst oestrogen synthesis in other species have produced inconclusive results, steroid metabolism by preimplantation embryonic tissue has been found consistently in animals studied in detail.
The physiological role of blastocyst oestrogens in the pig has been discussed elsewhere (Heap et al, 1977; Flint et al, 1979) . A reduced concentration of PGF-2ot in the utero-ovarian vein of pregnant compared with non-pregnant animals after Day \2p.c, and the suppression of the uterine release of PGF-2a by oestrogen administration (Saksena, Lau & Chang, 1976; Kennedy, 1977; Fenwick et al, 1977) . Alternatively, since rabbit blastocysts have been shown to contain prostaglandins on Day 6 p.c. it is possible that they are embryonic in origin and stimulate blastocyst steroid synthesis, the secreted steroids acting locally on the endo¬ metrium (Diskmann & Spilman, 1975 Pharmac. 59, 191-199. 
